urea rebound ) 1.12±0.17 vs 1.26±0.20 (P <0.01), BUN time average concentration ( TAC ) 44.4±9 vs Background. On-line haemodiafiltration (HDF ) is a technique which combines diffusion with elevated con-40.6±10 mg/dl (P <0.05) and protein catabolic rate (PCR) 1.13±0.22 vs 1.13±0.24 g/kg (NS). There was vection and uses pyrogen-free dialysate as a replacement fluid. The purpose of this study was to evaluate a significant increase in haemoglobin (10.66±1.1 vs 11.4±1.5) and haematocrit (32.2±2.9 vs 34.0±4.4%), the difference between conventional HDF (1-3 l/h) and on-line HDF (6-12 l/h). P <0.05, during the on-line HDF period, which allowed a decrease in the erythropoietin doses Methods. The study included 37 patients, 25 males and 12 females. The mean age was 56.5±13 years and (3861±2446 vs 3232±2492 UI/week), (P <0.05).
Introduction
Results. Tolerance was excellent and no pyrogenic reactions were observed. Pre-dialysis sodium increased Over the years, advances in technology have led to 2 mEq/l during on-line HDF. Plasma potassium, preshorter haemodialysis treatments of increased efficacy and post-dialysis bicarbonate, uric acid, phosphate, and tolerance. Haemodiafiltration (HDF ) techniques calcium, iPTH, albumin, total proteins, cholesterol and introduced in recent years would appear to offer an triglycerides remained stable. The mean plasma b 2 m optimal form of treatment in patients with end-stage reduction ratio increased from 56.1±8.7% in convenrenal disease. There are several advantages of HDF tional HDF to 71.1±9.1% in on-line HDF (P<0.001).
over conventional haemodialysis. Firstly, HDF proThe pre-dialysis plasma b 2 m decreased from 27.4±8.1 vides a greater clearing per unit surface area of both to 24.2±6.5 mg/l (P<0.01). Mean Kt/V (Daugirdas small and large molecules through the combination of 2nd generation) was 1.35±0.21 in conventional HDF diffusion and convection. Secondly, the convection compared with 1.56±0.29 in on-line HDF (P <0.01), techniques used increase haemodynamic stability, Kt/Vr ( Kt/V taking into consideration post-dialysis thereby reducing intradialysis symptoms [1] [2] [3] even in patients with increased cardiovascular risk [4] . Finally, 434±68 ml/min (range 350-600), P <0.05, and QD (800 ability. There are various forms of HDF: biofiltration minus Qi) 679±38 ml/min (NS). The Qi was 121±35 ml/min [5] [6] ; high-flux haemofiltration [7] ; PFD (paired filequivalent to 22.5±4.3 l/session (ranging from 18 to 36), P tration dialysis) [8] ; AFB (acetate-free biofiltration)
<0.001. Re-infusion was always in post-dilution mode.
[9]; and HDF with on-line production of substitution Dialysers were not re-used. Treatment was carried out over fluid.
12 months.
On-line HDF is a technique that combines diffusion patients from a conventional HDF treatment (Qi second generation Daugirdas Kt/V [15] , urea reduction ratio 1-3 l/h) to on-line HDF (Qi 6-12 l/h), and evaluate ( URR), estimated urea rebound [16 ] , Kt/V and URR taking their progress through biochemical analysis and clinical into consideration post-dialysis urea rebound ( Kt/Vr and observation.
URRr) using the formulae of Maduell et al. [16, 17] , normalized protein catabolic rate (nPCR) and TAC (BUN ). Treatment of water and dialysis liquid was also monitored
Subjects and methods
using monthly microbiological cultures and analysis of aluminium. On the day of analytical control, pre-dialysis blood pressure was measured immediately before treatment with Thirty-seven patients, 25 males and 12 females, with a mean an automatic BPM 4008 blood pressure monitor (Fresenius). age of 56.5 years (range: 22-79 years), regularly treated with
The results are shown as the arithmetic mean±the standhaemodialysis at the Hospitals of Alcoy (14 patients) and ard deviation. The Student t-test (paired data) and ANOVA Castelló n (23 patients) over a period of 62.7±49 months (repetitive data) were used in the analysis of differences in were changed to on-line HDF. Residual renal function was quantitative variables. A value of P <0.05 was considered negligible. The underlying renal diseases were chronic glomstatistically significant. erulonephritis in 12 patients, polycystic kidney disease in five, chronic tubulo-interstitial nephritis in six, nephroangiosclerosis in five, diabetes nephropathy in two patients, Results lupus nephritis in one and undiagnosed nephropathy in six patients. Three patients were excluded from receiving transplants, three died (myocardial infarction, stroke and mesen-On-line HDF was well accepted by both the patients teric thrombosis), and, although another three continued and health care workers at the unit. From a clinical with on-line treatment, they did not complete the 12 months viewpoint, there was a good tolerance to on-line HDF, outcome. As a result, the results of 28 patients are pre-there were no observed reactions to pyrogens and the sented here.
patients felt better in subjective terms. The number of The patients were on conventional HDF treatment (Qi hypotensive episodes was not changed between the two 1-3 l/h) with high permeability membranes for an average treatment schedules. Normal body weight was mainof 34±32 months (ranging from 3 to 132 months). The last tained precisely despite the high volumes of sub- The limiting factors for Qi were: QB (maximum: 654±126 ml/min (range 500-750), dialysis time (Td) QB/3); transmembrane pressure ( TMP) which rose in 187±15 min, infusion flow (Qi) 22±12 ml/min equivalent to proportion to Qi; the gain in interdialysis weight ( UF ); 4.1±2.1 l/session (range 3-9), Monitral S dialysis monitor, haematocrit (greater haematocrit=greater viscosity= dialysers 1.4 m2 polysulphone in seven, 1.9 m2 polysulphone greater TMP); and Td, normally on-line HDF was in 10, 1.7 m2 AN69 in two, 2.0 m2 AN69 in six and cellulose started with Qi at one-third or less of the QB value triacetate in three patients; the replacement fluid had sodium and was then reduced during the course of the session 145, chloride 85 and bicarbonate 60 mEq/l. Interdialysis due to increased TMP.
weight gain was 1.87±0.95 kg.
There were few biochemical changes, as can be seen During the period under study, the patients were changed in Table 1 . Values were normal for acidosis, ionogram, to a Fresenius 4008B dialysis monitor, and on-line HDF was started using the same duration and dialyser. The QB was calcium, phosphorus, iPTH, cholesterol, triglycerides, protein and albumin. The only statistically significant PCR for dry body weight was similar during both types of treatment. The tendency towards increased increase was in the levels of sodium. It was not possible to compare changes in aluminium (base level dry body weight became statistically significant (1 kg above baseline) after 11-12 months of treatment. 17.2±7.3 mg/l ) due to a change in the laboratory carrying out the analysis which gave increased values During the baseline period, nine patients (32%) had high blood pressure (pre-dialysis MAP >110 mmHg) in both conventional and on-line HDF.
The b 2 m reduction ratio increased from 56.1±8.7% and 18 were receiving medication for high blood pressure. Average values were: SBP 148.4±24; DBP in conventional HDF to 71.1±9.1% in on-line HDF (P <0.001). Figure 1 shows that there was a significant 81.5±13; and MAP 103.8±16. In the last months of on-line HDF treatment, only two patients had high decrease in pre-dialysis b 2 m during the first 2 months of treatment, which returned to initial levels after 3-5 blood pressure and 11 were receiving medication, SBP was 138.5±18 (P<0.01), DBP 77.4±9.6 (P<0.05) months, followed by a slight decrease.
There was a significant increase in haemoglobin and and MAP 97.8±11 (P<0.01). Microbiological analysis of dialysis water always haematocrit values which stabilized after the fourth month at 11.3-11.5 g/dl haemoglobin and 34-35% gave negative results. Analysis of aluminium levels in the water gave results consistently below 5 mg/l, and haematocrit (see Figure 2) . Erythropoietin doses could be reduced progressively from the third month. There in most cases was undetectable. were no significant changes in ferritin, or transferrin saturation ( Table 2) . Table 3 and Figure 3 ). The dialysis Discussion doses expressed as Kt/V, Kt/Vr, PRU or PRUr increased significantly with a consequent increase in On-line HDF is a safe technique well tolerated by the the urea rebound. The levels of urea toxicity expressed patient that allows a considerable increase in convecas the TAC of BUN decreased significantly from the tion thanks to its simple technology and the lower first month. Protein intake expressed as the normalized costs involved due to the use of dialysis liquid as substitution solution.
Urea kinetics (see
The total infusion volume is only limited by the QB (1/3 of QB) and the PTM, which is influenced by ultrafiltration, haematocrit and duration of the session. In our patients with elevated QB (average 434 ml/min), we have been able to achieve high Qi values, reaching an infusion volume of 22.5 l/session, representing an increase of >18 l/session when compared with conventional HDF.
We have seen few biochemical changes from the baseline. The change in treatment did not modify acidosis, phosphataemia, calcaemia or metabolism of proteins and lipids. There was an increase in predialysis sodium which had no effect on interdialysis The main objective in changing from conventional to on-line HDF was to achieve a greater filtration of medium and large sized molecules through an increase in convection. There was a corresponding 12% reduction in plasma b 2 m over a 12 month period. Plasma b 2 m reduction ratio increased from 56 to 71% in online HDF. The reduced levels of b 2 m could be explained by the low distribution volume (~20%) of this molecule [18, 19] , or a slow equilibrium with the plasma volume. Gotch et al. [20] We should not forget, however, that b 2 m is a large molecule (11 800 Da), and the role of medium sized molecules is not well understood. Unfortunately, there are no medium sized molecules that can be used as a marker to trace their elimination. Vitamin B12 (mol. wt 1355 Da) is not useful for in vivo studies because of its high binding affinity for plasma proteins [21] . Ahrenholz et al. [22] in an in vitro study of three patients compared HD without re-infusion with online HDF (Qi 85 ml/min) and found that clearance of vitamin B12 increased from 107 to 169 ml/min (a 59% increase) and of inulin (mol. wt 5200 Da) from 56 to 128 ml/min (a 229% increase).
Dialysis during the baseline period met with recommendations from multicentre studies carried out in Northern America [23] , Kt/V=1.3, guidelines published by the National Kidney Foundation (DOQI ) [24] , Kt/V=1.2, and a HEMO study [25, 26 ] , Kt/V= 1.25 or Kt/Vr=1.05. Our patients with a basal Kt/V of 1.35 or Kt/Vr of 1.12 showed a 15% increase with on-line HDF ( Kt/V 1.55-1.56 and/or Kt/Vr 1.28-1.29). This improvement is due primarily to the part by the increase in QB (50 ml/min). This high dialysis dose is accompanied by a beneficial decrease in the levels of urea toxicity ( TAC ). The results of the HEMO high dose ( Kt/V 1.6 and/or Kt/Vr 1.45) studies Change from conventional HDF to on-line HDF. Urea kinetics outcome Baseline 3 months 6 months 9 months 12 months statistically significant levels. The patients had a good appetite as a result of improved anaemia and maintained PCR; the dry weight increased slowly and steadily, reaching statistical significance in the last 2 months. We conclude that the change from conventional to on-line HDF permits a marked increase in convection (18 l/session) with good clinical tolerance. The principal advantages were in the increased dialysis dose both for middle and large molecules, a reduction of urea toxicity levels (TAC ), a reduction in the dose of erythropoietin needed to correct anaemia, and better control of blood pressure.
